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AUTOMATIC TRANSFER SWITCH (ATS)
BYPASS SWITCH

BACKGROUND

1. Field

The disclosed concept pertains generally to transfer
switches and, more particularly, to automatic transfer
switches including a first automatic transfer switch and a
second bypass switch.

2. Background Information

Transfer switches are employed to protect critical electrical
loads against loss of power from a first power source backed
up by a second power source. The transfer switch is electri-
cally connected to both of the power sources and supplies a
number of loads with power from one of the two power
sources. In the event that power is lost from the first power
source, the transfer switch transfers the load to the second
power source. This transfer can be manual or automatic. After
the first power source is restored, the load is transferred back
to the first power source.

In an automatic transfer switch (ATS), a controller or other
intelligence of the ATS initiates the transfer when the first
power source fails or falls below, or rises above, a predeter-
mined voltage. If the second power source is a standby gen-
erator, then the ATS initiates generator startup and transfers to
the second power source when sufficient generator voltage is
available. When the first power source is restored, the ATS
automatically transfers back to the first power source and
initiates generator shutdown. In the event that the first power
source fails and the second power source does not appear,
then the ATS remains electrically connected to the first power
source until the second power source does appear. Con-
versely, if electrically connected to the second power source
and the second power source fails while the first power source
is still unavailable, then the ATS remains electrically con-
nected to the second power source.

An ATS automatically performs the transfer functions and
can include, for example and without limitation, a power
contactor or two circuit breakers to implement the ATS opera-
tions, and a controller (or other intelligence or supervisory
circuit) to constantly monitor the condition of the power
sources and provide automatic control of the switch and
related circuit operation.

Certain systems and installations (e.g., without limitation,
data centers; hospitals; water treatment plants; other critical
processes that need the constant supply of power to a system
load) employ a power system structured to provide an unin-
terruptable power supply (UPS). UPSs are well known. The
first or primary power source is usually an electric utility or
the public power grid, and the second or secondary power
source is usually a generator. Alternatively, there could be two
generators used instead of the utility or public power grid, or
there could be two utilities. Basically, any suitable power
sources that need to be switched with a load output can be
employed.

A bypass/isolation switch is an assembly used with a trans-
fer switch to select an available power source to feed load
circuits, and to electrically isolate the transfer switch for
inspection and maintenance.

An ATS bypass assembly has two separate switch assem-
blies or switches (e.g., an ATS switch and a bypass switch)
that can transfer power to the system load. Each of the two
switches has two positions to power the load from the firstand
second power sources. For example and without limitation,
each of the two switches can be provided by a three-position
contactor or two circuit breakers. For example, a three-posi-
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tion switch has the capability of having a first position elec-
trically connected to the first power source, a second position
electrically connected to the second power source, and a third
neutral, open or trip position between the first and second
positions. Both the ATS switch and the bypass switch are
normally electrically connected to the system load. Further-
more, each of the ATS and bypass switches can be structured,
for example, for use with single-phase or three-phase sys-
tems. These switches can selectively engage one power
source at a time unless a closed transition type scenario is
applied.

Typically, the entire ATS bypass assembly is called a
“switch” and includes two sub-switches: the ATS sub-switch
and the bypass sub-switch. The ATS sub-switch (hereinafter,
“ATS switch”) is the main sub-switch used to transfer power.
The bypass sub-switch (hereinafter, “bypass switch™) is typi-
cally used when the ATS switch is undergoing maintenance.
The ATS switch is structured to easily be removed for main-
tenance. The bypass switch is usually fixed within the enclo-
sure of the ATS bypass assembly, although a removable type
of bypass switch is known. See, for example, U.S. Pat. No.
7,973,253.

If the bypass switch is a fixed type, the main difference
between the ATS switch and the bypass switch (for contac-
tors) used in the AT'S bypass switch is that the bypass contac-
tors are fixed with no truck or rail enabling draw-out. Other-
wise, with a dual draw-out version of the bypass switch, both
contactors can be removed (e.g., by trucks) with the power
from the first and second power sources turned off.

For example and without limitation, in the ATS bypass
switch, the bottom position of the assembly includes the ATS
switch and the top position includes the bypass switch,
although any suitable positioning of the two switches is pos-
sible.

During the life of the ATS bypass switch, the ATS switch
contactors or circuit breakers usually do nearly all of the
current transfer for the system loads. The ATS switching
device is mounted with safety interlocks, in a “truck™ or
“slider rail” mechanism, thereby allowing the ATS switching
device to be “drawn-out” for service, maintenance and/or
replacement.

An ATS draw-out switching device has, for example, three
positions with a compartment door closed (e.g., locked in;
isolated; removed). See, for example, U.S. Pat. No. 7,973,
253. Locked in is the normal operating position. Removed is
the position for service, maintenance and/or replacement. In
the isolated position, the ATS draw-out switching device is
fully electrically disconnected (both the primary and the sec-
ondary connectors) from the ATS bypass switch, and is ready
for removal. For example, the ATS draw-out switching device
includes both primary disconnects (for the first and second
power sources, and the load) and secondary disconnects (for
control and feedback). The operating mechanism is electri-
cally operated and can also have a mechanical operation if
needed in an emergency. When withdrawn (removed), the
ATS draw-out switching device can be inspected, tested and
suitably maintained.

With the ATS draw-out switching device in the isolated or
removed position, the bypass switch can be used to switch the
two power sources. Known bypass switches of known ATS
bypass switches are either switched manually (with electrical
power on one of the two power sources), or switched manu-
ally with a suitable tool (with electrical power removed from
both of the two power sources).

For example, known bypass switches (e.g., employing con-
tactors or circuit breakers) of known ATS bypass switches
operate only manually. Since manual operation is required
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whenever the ATS switch is removed, personnel (e.g., main-
tenance personnel) must remain located near the ATS bypass
switch if power from the currently employed power source
goes off and manual switching of the bypass switch to the
other power source is required.

There is room for improvement in ATS bypass switches.

SUMMARY

These needs and others are met by embodiments of the
disclosed concept.

In accordance with one aspect of the disclosed concept, an
ATS bypass switch comprises: a draw-out ATS switch; a
bypass switch; and a processor structured to automatically
control both of the draw-out ATS switch and the bypass
switch.

In accordance with another aspect of the disclosed concept,
an ATS bypass switch comprises: a draw-out ATS switch; a
bypass switch including an operating mechanism cooperat-
ing with a three-position contactor having a first position
structured to electrically connect a system load to a first
power source, a second position structured to electrically
connect the system load to a second power source, and a third
neutral, trip or open position structured to electrically discon-
nect the system load from both of the first and second power
sources; and a processor structured to control both of the
draw-out ATS switch and the bypass switch, the processor
including a routine cooperating with the operating mecha-
nism: to determine if the first and second power sources
synchronize within a first predetermined time and cause the
three-position contactor to move from one of the first and
second positions to the third neutral, trip or open position and
to move from the third neutral, trip or open position to the
other one of the first and second positions, and, otherwise, if
the first and second power sources do not synchronize within
the first predetermined time, to cause the three-position con-
tactor to move from one of the first and second positions to the
third neutral, trip or open position, and to move from the third
neutral, trip or open position to the other one of the first and
second positions after a second predetermined time.

BRIEF DESCRIPTION OF THE DRAWINGS

A full understanding of the disclosed concept can be
gained from the following description of the preferred
embodiments when read in conjunction with the accompany-
ing drawings in which:

FIG. 1 is a block diagram in schematic form of an auto-
matic transfer switch (ATS) bypass switch having an ATS
switch, a bypass switch and a controller in accordance with
embodiments of the disclosed concept for a power system
including two power sources and a system load.

FIG. 2 is a isometric view of a contactor type ATS bypass
switch including two draw-out type contactors for the ATS
switch of FIG. 1.

FIG. 3 is an isometric view of one of the contactors of the
ATS switch showing the mechanism and the power assembly
of FIG. 1.

FIG. 4 is a block diagram in schematic form showing
control and status signals between the controller and the ATS
and bypass switches of FIG. 1.

FIGS. 5-9 are flowcharts of routines executed by the con-
troller of FIG. 1 for an in-phase only, in-phase to time delay
neutral (neutral delay), or in-phase to load voltage decay
mode; a load voltage decay mode; a closed transition default
to time delay neutral (neutral delay) or to load voltage decay
mode; a closed transition/in-phase default to time delay neu-
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4

tral (neutral delay) mode; and a closed transition/in-phase
default to load voltage decay mode, respectively.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

As employed herein, the term “number” shall mean one or
an integer greater than one (i.e., a plurality).

As employed herein, the term “processor” shall mean a
programmable analog and/or digital device that can store,
retrieve, and process data; a computer; a workstation; a per-
sonal computer; a controller; a digital signal processor; a
microprocessor; a microcontroller; a microcomputer; a cen-
tral processing unit; a mainframe computer; a mini-computer;
a server; a networked processor; a programmable logic con-
troller; or any suitable processing device or apparatus.

As employed herein, the statement that two or more parts
are “connected” or “coupled” together shall mean that the
parts are joined together either directly or joined through one
or more intermediate parts. Further, as employed herein, the
statement that two or more parts are “attached” shall mean
that the parts are joined together directly.

As employed herein, the term “automatic” shall mean that
a processor can change the state of a number of switches
electrically if permitted by a corresponding logic state. The
term “‘automatic” expressly excludes manual operation.

As employed herein, the term “system load” shall mean
any number of loads downstream of an ATS bypass switch. A
system load may include, for example and without limitation,
loads of a relatively large installation such as a building or
manufacturing plant.

As employed herein, the terms “ATS switch” and “bypass
switch” are two sub-switches of an ATS bypass switch, and
each of the two sub-switches includes two electrical switch-
ing apparatus, such as for example and without limitation,
two contactors or two circuit breakers each of which can
switch a system load to or from a power source.

As employed herein, the term “open transition” shall mean
a type of transition for two power sources that has an “oft”
time during the switching from one to the other of two power
sources.

As employed herein, the term “dead time” shall mean an
amount of time (e.g., without limitation, described in milli-
seconds) of the “off” time during the switching from one to
the other of two power sources.

As employed herein, the term “overlap” shall mean an
amount of time (e.g., without limitation, described in milli-
seconds) when both of two power sources supply power to a
system load.

As employed herein, the term “two-position contactor”
shall mean a contactor switch having a first closed position to
a first power source and a second closed position to a second
power source. There is a dead time between the first and
second closed positions.

As employed herein, the term “three-position contactor”
shall mean a contactor switch having a first closed position to
a first power source, a second closed position to a second
power source, and a third open or tripped open position.
Typically, a number of suitable time delays can be provided in
the third open position, for example, when switching between
the first and second closed positions.

Referring to FIG. 1, an ATS bypass switch 1 including an
ATS switch 6, a bypass switch 7 and a controller 8 is shown.
A system load 13 generally receives power through the ATS
bypass switch 1 from two separate power sources, nhamely, a
first power source (S1) 11 and a second power source (S2) 12.
In this example, the ATS switch 6 is a draw-out switch and the
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bypass switch 7 can either be a draw-out switch or a fixed
switch. Each of the ATS switch 6 and the bypass switch 7 can
assume one of an open position (as shown), a first closed
position where the system load 13 is electrically connected to
the first power source 11, or a second closed position where
the system load 13 is electrically connected to the second
power source 12. Each of the ATS switch 6 and the bypass
switch 7 can be implemented by two electrical switching
apparatus, such as for example and without limitation, two
contactors or two circuit breakers (not shown, but see the
contactor 15 of FIG. 3).

Two first power conductors 3 electrically connect the first
power source 11 to first terminals 3T1,3T2 (e.g., without
limitation, a line terminal of a first circuit breaker (not
shown)) of the ATS switch 6 and the bypass switch 7, two
second power conductors 4 electrically connect the second
power source 12 to second terminals 4T1,4T2 (e.g., without
limitation, a line terminal of a second circuit breaker (not
shown)) of the ATS switch 6 and the bypass switch 7, and two
third power conductors 5 electrically connect the system load
13 to third terminals 5T1,5T2 (e.g., without limitation, the
load terminals of the first and second circuit breakers (not
shown)) of the ATS switch 6 and the bypass switch 7.

The bypass switch 7 is coupled to and in electrical com-
munication with one set of the first, second and third power
conductors 3,4,5, and has three positions or configurations:
(1) a first closed configuration coupling and providing elec-
trical communication between the first power source 11 and
the system load 13, (2) a second closed configuration cou-
pling and providing electrical communication between the
second power source 12 and the system load 13, and (3) a
third (e.g., without limitation, open; tripped; neutral) configu-
ration that does not couple or provide electrical communica-
tion between either one of the first and second power sources
11,12 and the system load 13.

As shown in FIG. 2, the ATS bypass switch 1 includes an
enclosure 41, the ATS switch 6, the bypass switch 7 and a
draw-out mechanism 2 for the ATS switch 6. The example
controller 8 is not shown in FIG. 2. The ATS switch 6 and the
bypass switch 7 may be substantially similar.

In FIG. 1, the example controller 8 provides automatic
control employing any suitable electrical, electromechanical
(e.g., without limitation, relays) or electronic devices or any
suitable processor that inputs the status of the ATS switch 6
and the bypass switch 7, and outputs electrical control for
automatic control of the functions of the ATS bypass switch 1.
As a non-limiting example, the controller 8 can be any suit-
able number of processors, such as an ATS switch controller
(not shown) interfaced to a programmable logic controller
(PLC) (not shown). As a further non-limiting example, auto-
matic control by the controller 8 encompasses electronic
communication (e.g., without limitation, -electrically
coupled; electronically coupled; sending an electronic pulse,
another electrical signal or a wireless signal to the operating
mechanisms 9,10 (FIG. 1) of the switches 6,7).

As a non-limiting example, the ATS switch controller (not
shown) of the controller 8 can be an ATC-300+, an ATC-600,
an ATC-800 or an ATC-900 ATS switch controller marketed
by Eaton Corporation of Arden, N.C., or any other suitable
controller. These controllers can sense power line currents
and voltages and determine whether the frequency, phase and
voltage magnitude of two different power sources, such as 11
and 12, are suitably matched, and can respond to a variety of
user commands in connection with the ATS bypass switch 1
(e.g., without limitation, go to neutral; emergency inhibit; go
to a second power source; lockout). Alternatively, the ATS
switch controller and the PLC (not shown) of the controller 8
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6

can be implemented by any suitable number of processors,
such as, for example and without limitation, a single control-
ler. The PLC can receive inputs from a variety of sources (e.g.,
without limitation, a door (not shown) of the enclosure 41 is
closed based upon signal 29 (FIG. 4); akey (not shown) fora
lock (not shown) of the door of the enclosure 41 is installed
based upon signal 30 (FIG. 4); human interface switches (not
shown); inputs from the ATS switch controller) and determine
whether to switch and if it is safe to switch between the power
sources 11,12. Both of the ATS switch controller and the PLC
consider positions of the switches 6,7 from the signals 25,31
(FI1G. 4) as well as the locked in status thereof from the signals
26,32 (FIG. 4). In accordance with important aspects of the
disclosed concept, the controller 8 provides automatic control
of the bypass switch 7.

The ATS switch 6 and the bypass switch 7 include the
operating mechanism (e.g., without limitation, switching
apparatus; electromagnetic coils; springs) 9 and 10 (FIG. 1),
respectively, that operate when a number of signals are pre-
sented to it from the controller 8, which is in communication
with both of the operating mechanisms 9,10 for automatic
control thereof.

The ATS bypass switch 1 may optionally include an inter-
lock assembly 14 (FIG. 1). The interlock assembly 14 can be,
for example and without limitation, mechanical cables (not
shown) or a suitable electrical circuit that will not allow the
ATS switch 6 and the bypass switch 7 to be closed under
certain conditions. Position auxiliary contacts (not shown) for
signals 25,31 include mechanical and electrical components
(not shown) (e.g., without limitation, relatively small
switches) to provide information on the positions of the
switches 6,7. For example, FIG. 4 shows a signal 25 describ-
ing the position of the ATS switch 6 for use in logic decisions,
a signal 26 for the ATS switch 6 being locked in (e.g., being
racked in all the way to stops), a signal 27 for the ATS switch
6 being isolated, and a signal 28 for the ATS switch 6 being
removed. Similarly, a signal 31 describes the position of the
bypass switch 7 for use in logic decisions, and a signal 32 is
for the bypass switch 7 being locked in. The controller 8 also
includes inputs for a signal 29 describing the position (e.g.,
open; closed) of the door (not shown) of the enclosure 41 and
a signal 30 describing the position (e.g., installed; not
installed) of a key (not shown) for a lock (not shown) of the
door of the enclosure 41. The controller 8 also includes out-
puts to the operating mechanism 9 of the ATS switch 6 for a
signal 33 to close the circuit breaker or contactor (not shown)
for the first power source 11, a signal 34 to close the circuit
breaker or contactor (not shown) for the second power source
12, a signal 35 to open the two circuit breakers or contactors
(not shown) for the first and second power sources 11,12, and
outputs to the operating mechanism 10 of the bypass switch 7
for a signal 36 to close the circuit breaker or contactor (not
shown) for the first power source 11, a signal 37 to close the
circuit breaker or contactor (not shown) for the second power
source 12, and a signal 38 to open the two circuit breakers or
contactors (not shown) for the first and second power sources
11,12. The controller 8 further includes inputs for a signal 39
indicating that the first power source 11 is available and a
signal 40 indicating that the second power source 12 is avail-
able.

The disclosed concept advantageously enables the bypass
switch 7 (e.g., draw-out or fixed) and its operating mechanism
10 to be automatically controlled by the controller 8, thereby
providing an automatic bypass switch 7, such that the ATS
bypass switch 1 is fully automatic and provides a dual redun-
dant automatic switch.
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The disclosed concept enables the bypass switch 7, with
the example controller 8, to be used as an automatic switching
device (rather than a manual switching device) in the case of
the ATS switch 6 being locked in at a neutral position, being
isolated, or being removed. This eliminates the prior require-
ment for personnel to remain located near an ATS bypass
switch if power from a currently employed power source goes
off since manual switching of the bypass switch to the other
power source was required.

The controller 8 cooperates with the interlock assembly 14
to automatically configure the switches 6,7 and to monitor the
configuration thereof. The position of each separable contact
(not shown) in the circuit breakers or contactors (not shown),
are monitored by the controller 8, which then controls the
respective operating mechanisms 9,10 for moving between
the three configurations of the switches 6,7, as appropriate.
This can ensure that the system load 13 will not be electrically
coupled to both of the two separate power sources 11,12.

As will be discussed, the controller 8 enables the bypass
switch 7 to be an automatic switch, rather than just a manual
switch, and, also, to do a wide range of transitions, such as for
example and without limitation, open, closed, in-phase, load
voltage decay, delay (Time Delay Neutral), or any sequence
of these transitions in any different order.

The controller 8 employs the position signals 25,31 (e.g.,
without limitation, from auxiliary contacts (not shown)) to
indicate which of the three positions or configurations the two
switches 6,7 are in. For safety reasons, for draw-out operation
for both contactors and circuit breakers (not shown), the
switches 6,7 need to be drawn all the way in or all the way out
before switching can occur. The copper stabs (not shown)
must be a certain distance from the mating copper (not
shown). When the switches 6,7 are locked in (as indicated by
the signals 26, 32) or all the way in, the controller 8 allows
switching to occur. The ATS switch 6, for example can be
racked in and out to provide three different positions indi-
cated by the signals 26,27,28. In the isolated position (indi-
cated by the signal 27), the primary (power) connectors (not
shown) are disengaged and far enough from the stabs (not
shown) to allow electrical testing of the contactors or circuit
breakers (not shown) by a switch (not shown) on the front
door (not shown) of the enclosure 41. In the removed state
(indicated by the signal 28), a secondary connector (for con-
trol and status signals) is disengaged and the ATS switch 6 is
ready to be removed from the enclosure 41. During the iso-
lated or removed states of the ATS switch 6, the bypass switch
7 is enabled as an automatic switch by the controller 8.

FIG. 3 shows an example electromechanical, three-posi-
tion switch, which is a contactor 15. The three positions are
closed on the first power source 11 (FIG. 1), neutral, and
closed on the second power source 12 (FIG. 1). Switching
between the different power sources, and latching on one
power source, is accomplished through a combination of
solenoids (not shown) and springs 20,23, which change the
position of the contactor 15 and its latch mechanism, such as
mechanical latch 19.

During normal operation, the contactor 15 is mechanically
latched with load output terminal 24 electrically connected to
the first power source input terminal 16 (e.g., terminal 3T1 of
FIG. 1). In order to change positions and cause the load output
terminal 24 (e.g., terminal 5T1 of FIG. 1) to be electrically
connected to the second power source input terminal 17 (e.g.,
terminal 4T1 of FIG. 1), the controller 8 energizes trip coil 18
with a corresponding one of the open signals 35,38 (FIG. 4)
output by the controller 8. This releases the mechanical latch
19 and allows the main spring 20 to move the contactor 15
into the neutral position. When the contactor 15 is in the
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neutral position as is indicated by a position switch (not
shown) that provides the position signal 31, the controller 8
energizes the source selector coil 21 and de-energizes the trip
coil 18. The source selector coil 21 allows the contactor
mechanism to move to the second power source (S2) 12 and
is energized, with main coil 22, when switching to S2 is
needed. When the source selector (not shown) is in position,
the controller 8 energizes the main coil 22 with a correspond-
ing one of the close signals 33,36 (FIG. 4) output by the
controller 8. This closes the contactor 15 on the second power
source input terminal 17. The mechanical latch 19 is then
moved into the latched position via the latch spring 23. The
resulting transfer is in the order of milliseconds, which allows
the use of in-phase on the three-position contactor 15.

For the bypass switch 7, the three coils 22,18,21 are sys-
tematically energized using the control signals 36,37.38 from
the controller 8. For the ATS switch 6, the control signals
33,34,35 from the controller 8 operate in a similar manner.

During in-phase operation, the controller 8 uses feedback
from the contactor position signals 25,31 to change the power
sources 11,12 (FIG. 1) in less than the time allotted for the
routines 500,600,700,800,900 (FIGS. 5-9) to look ahead and
switch. This results in the optimum reconnect angle of 0
degrees for all of the frequency difference values. When the
phase difference is within the advance angle window, the
“transfer” command from the corresponding one of the con-
trol signals 33,34.35,36,37.38 (FIG. 4) is given. The transfer
preferably occurs in milliseconds, which allows the use of
in-phase on the three-position contactor 15. Position feed-
back to the controller 8 is through the position signals 25,31.

In the event that the routines 500,600,700,800,900 (FIGS.
5-9) do not sense the correct advance angle based on the
frequency difference between the two power sources 11, 12
and also the response time of the contactor 15, a commend
from the controller 8 is used to program a delay transfer (or
time delay neutral (TDN)) open by the open control signal 38
after a programmed synchronized timer (not shown) of the
controller 8 has expired.

In accordance with an important aspect of the disclosed
concept, both of the ATS switch 6 and the bypass switch 7 are
automatically controlled by the controller 8. The bypass
switch 7 performs several types of automatic transfers as are
discussed, below, in connection with FIGS. 5-9.

An example of electrical automatic control is that the con-
troller 8 senses the voltages of the two power sources 11,12
and determines if the voltages are from a good and available
power source from the signals 39,40 (FIG. 4). The various
signals 33-40 (FIG. 4) are employed by the controller 8 along
with other signals 25-32 (FIG. 4) to determine the function-
ality of the output of the ATS bypass switch 1. Automatic
operation includes transfers from the first power source 11 to
the second power source 12, or from the second power source
12 to the first power source 11. Automatic operation also
includes a transfer to a neutral, trip or open position.

Known transfer switches of the “open-transition” type pro-
vide a break-before-make transfer sequence. In other words,
the system load 13 is electrically disconnected from one
power source, prior to being electrically connected to the
other power source. The transfer sequence is relatively very
quick depending on what type of time delays are set in the
controller 8.

Three examples of these time delays include Time Delay
Normal to Emergency (TDNE), Time Delay Neutral (TDN),
and Time Delay Emergency to Normal (TDEN). The TDN,
for example, when set, takes place when the system load 13 is
transferred in either direction to prevent excessive in-rush
currents due to out-of-phase switching of relatively large
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motor loads. With any of these time delays being set, the delay
of'the transfer times-out before a transfer will occur. A power
interruption is noticeable to the system load 13 being ser-
viced.

FIGS. 5-9 show examples of different routines 500,600,
700,800.900 in which the contactor bypass switch 7 is
switched automatically using the example controller 8. An
in-phase transition is an open transition that occurs when both
of the two power sources are in-phase. FIG. 5 shows the
in-phase transition routine 500, which is somewhat similar to
a closed transition mode in that both use a synchronization
technique. A closed transition will temporarily parallel (in-
phase does not do a parallel transfer but uses an open transfer)
two live power sources 11,12 in a make-before-break manner
when performing a transfer. This achieves a transfer between
the two power sources 11,12 with no power interruption.
However, both power sources 11,12 must be synchronized in
frequency, phase and voltage before the transfer is initiated.
An example transfer includes: the first power source 11 from
which the system load 13 is being transferred remains closed
until the second power source 12, to which the load is being
transferred, is also closed. After both have been closed, the
first power source 11 from which the load is being transferred
is opened (or tripped). The period of time that both power
sources are closed is specified, for example and without limi-
tation, at less than 100 milliseconds. Although the closed
transition mode is not a substitute for an uninterruptable
power source, it does eliminate power interruptions to loads
except to those caused by power sources or equipment exter-
nal to the ATS bypass switch 1.

In FIG. 5, an advance angle is calculated at 504 based on
the frequency difference between the two power sources
11,12 and also the response time of the bypass contactor 15
(or circuit breakers (not shown)). If a settable synchronize
timer started at 502 does not time out, then the controller 8
continues to synchronize at 504. This results in the optimum
reconnect angle of 0 degrees for all of the frequency differ-
ence values. When the phase difference between the two
power sources 11,12 is within the advance angle window, the
“transfer” command is given at 506. This results in an open
transition at 508, although both power sources 11,12 are in
phase when the transfer occurs.

The example routine 500 can be employed for three modes:
In-Phase only at 510, In-Phase to TDN (neutral delay) at 512,
or In-Phase to Load Voltage Decay (LVD) at 514. Although
the example routine 500 shows the ATS bypass switch 1
progressing from closing the first power source 11 to closing
the second power source 12, persons of ordinary skill in the
art will appreciate that the ATS bypass switch 1 progressing
from closing the second power source 12 to closing the first
power source 11 is accomplished in a similar manner.

In FIG. 5, if the phase difference is not within the advance
angle window in the settable time period at 504, then the
bypass switch 7 transfers with a delay that is set for Time
Delay Neutral (delay setting in neutral) (TDN) at 516,518,
520. This is the In-Phase default to Time Delay Neutral
(TDN) mode. In either direction of switching, TDN is a user
setting that will count down during a transfer at the neutral or
open time of the bypass contactor 15. This includes any delay
in the neutral mode (e.g., without limitation, Time Delay
Neutral (TDN); Neutral delay; Open delay; Load discon-
nect). It is the time delay, usually settable by the user, that
provides a time for the load disconnect position.

Also, in FIG. 5, if the phase difference is not within the
advance angle window in the settable time period at 504, then
the bypass switch 7 transfers by the use of Load Voltage
Decay (LVD) at 514,522,524,526,528. The LVD employs the

10

15

20

25

30

35

40

45

50

55

60

10

load voltage measurements to sense back electromotive force
(EMF) at 522 (or at 602 of FIG. 6) that is generated when the
ATS bypass switch 1 is in the neutral position. In FIG. 6, this
provides a delay in transfer at 606 in either direction if an
unacceptable level is sensed at 604 as established by a user
programmed level. The transfer will not take place at 608,610
until the back EMF decays below the acceptable programmed
level. In FIG. 5, load voltage measurements are sensed at 522
for back EMF that is generated when the ATS bypass switch
1 is in the neutral position. This provides a delay in transfer in
either direction if an unacceptable level is sensed as estab-
lished by a user programmed level at 524. The transfer at
526,528 does nottake place until the back EMF decays below
the acceptable programmed level. This is the In-Phase default
to Load Voltage Decay (LVD) mode.

As previously disclosed with a three-position contactor,
when the bypass switch 7 employs two circuit breakers (not
shown), the In-Phase transition can be accomplished simply
by tripping the closed circuit breaker and closing the other
circuit breaker within the response time of the circuit break-
ers. When the bypass switch 7 employs a two-position con-
tactor (not shown), the controller 8 outputs electrical signals
to the two-position contactor operating mechanism 10, which
in turn moves separable contacts (not shown) to close on
either input terminal 3T1 for S1 or input terminal 4T1 for S2.
Suitable dead time does occur for the two-position contactor,
but the corresponding in-phase routine, such as 500, includes
the response time (dead time) of the contactor.

FIG. 6 shows a Load Voltage Decay (LVD) mode routine
600. Although the example routine 600 shows the ATS bypass
switch 1 progressing from closing the first power source 11 to
closing the second power source 12, persons of ordinary skill
in the art will appreciate that the ATS bypass switch 1 pro-
gressing from closing the second power source 12 to closing
the first power source 11 is accomplished in a similar manner.

FIG. 7 shows a routine 700 for Closed Transition default to
Time Delay Neutral (Neutral Delay) (TDN) or Load Voltage
Decay (LVD) modes. Although the example routine 700
shows the ATS bypass switch 1 progressing from closing the
first power source 11 to closing the second power source 12,
persons of ordinary skill in the art will appreciate that the ATS
bypass switch 1 progressing from closing the second power
source 12 to closing the first power source 11 is accomplished
in a similar manner.

In FIG. 7, the Closed Transition will temporarily parallel
two live power sources 11,12 in a make-before-break manner
when performing a transfer. Both power sources 11,12 are
synchronized in frequency, phase, and voltage before the
transfer is initiated at 702,704. A transfer example is the first
power source 11 from which the load is being transferred
remains closed until the second power source 12, to which the
load is being transferred, is also closed. After both have been
dosed, the first power source 11 from which the load is being
transferred is opened (tripped) at 702,704,706. The period of
time that both power sources are closed is, for example and
without limitation, less than 100 milliseconds at 708. If syn-
chronization is not achieved within the window in the settable
time period at 702, then the ATS bypass switch 1 transfers
with a delay that is set for Time Delay Neutral (delay setting
in neutral) (TDN) at 710,712,714,716.

For a Closed Transition default to Load Voltage Decay
(LVD) mode, if synchronization is not achieved within the
window in the settable time period at 702, then the ATS
bypass switch 1 transfers, by the use of Load Voltage Decay
(LVD) at 718,720,722,724,726. Load voltage measurements
are sensed at 722 of back EMF that is generated when the ATS
bypass switch 1 is in the neutral position. This provides a
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delay in transfer in either direction if an unacceptable level is
sensed as established by a user programmed level at 722. The
transfer will not take place at 724,726 until the back EMF
decays below the acceptable programmed level at 722.

FIG. 8 shows a routine 800 for a Closed Transition/In-
Phase default to Time Delay Neutral (TDN) mode. Although
the example routine 800 shows the ATS bypass switch 1
progressing from closing the first power source 11 to closing
the second power source 12, persons of ordinary skill in the
art will appreciate that the ATS bypass switch 1 progressing
from closing the second power source 12 to closing the first
power source 11 is accomplished in a similar manner.

The Closed Transition will temporarily parallel two live
power sources 11,12 in a make-before-break scheme when
performing a transfer. At 802, both power sources 11,12 are
synchronized in frequency, phase, and voltage before the
transfer is initiated. A transfer example would be the first
power source 11 from which the load is being transferred
remains closed until the second power source 12, to which the
load is being transferred, is also closed. After both have been
closed, the first power source 11 from which the load is being
transferred is opened (tripped) at 804,806. The period of time
that both power sources 11,12 are closed is, for example and
without limitation, less than 100 milliseconds at 808. If
closed transition synchronization is not achieved within the
window in the settable time period at 802, then starting at 810
an In-phase transition commences, which is an open transi-
tion that occurs when both power sources 11,12 are in-phase.
The advance angle is calculated at 812 based on the frequency
difference between the two power sources 11,12 and also the
response time of the bypass contactor 15. This results in the
optimum reconnect angle of 0 degrees for all of the frequency
difference values. When the phase difference is within the
advance angle window, the “transfer” command is given at
814,816. If the phase difference is not within the advance
angle window at 812 in the settable time period, then the ATS
bypass switch 1 transfers with a delay that is set for Time
Delay Neutral (delay setting in neutral) (TDN) at 818,820,
822.

FIG. 9 shows a routine 900 for Closed Transition/In-Phase
default to Load Voltage Decay (LVD). Although the example
routine 900 shows the ATS bypass switch 1 progressing from
closing the first power source 11 to closing the second power
source 12, persons of ordinary skill in the art will appreciate
that the ATS bypass switch 1 progressing from closing the
second power source 12 to closing the first power source 11 is
accomplished in a similar manner.

The Closed Transition will temporarily parallel the two live
power sources 11,12 in a make-before-break manner when
performing a transfer. Both power sources 11,12 are synchro-
nized in frequency, phase, and voltage at 902 before the
transfer is initiated. A transfer example would be the first
power source 11 from which the load is being transferred
remains closed until the second power source 12, to which the
load is being transferred is also closed. After both power
sources 11,12 have been closed, the first power source 11
from which the load is being transferred is opened (tripped) at
904,906. The period of time that both power sources are
closed is specified, for example and without limitation, at less
than 100 milliseconds at 908. If closed transition synchroni-
zation is not achieved within the window in the settable time
period at 902, the ATS bypass switch 1 goes into an In-phase
transition beginning at 910 which is an open transition that
occurs when both power sources 11,12 are in-phase. The
advance angle is calculated based on the frequency difference
between the two power sources 11,12 and also the response
time of the bypass contactor 15. This results in the optimum
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reconnect angle of 0 degrees for all of the frequency differ-
ence values. When the phase difference is within the advance
angle window, the “transfer” command is given at 914,916. If
the phase difference is not within the advance angle window
at 912 in the settable time period, then the ATS bypass switch
1 transfers by the use of Load Voltage Decay (LVD) at 918,
920,922,924. Load voltage measurements are sensed at 918
for back EMF that is generated when the ATS bypass switch
1 is in the neutral position. This provides a delay in transfer in
either direction if an unacceptable level is sensed as estab-
lished by a user programmed level. The transfer at 922,924
will not take place until the back EMF decays below the
acceptable programmed level set at 920.

While specific embodiments of the disclosed concept have
been described in detail, it will be appreciated by those skilled
in the art that various modifications and alternatives to those
details could be developed in light of the overall teachings of
the disclosure. Accordingly, the particular arrangements dis-
closed are meant to be illustrative only and not limiting as to
the scope of the disclosed concept which is to be given the full
breadth of the claims appended and any and all equivalents
thereof.

What is claimed is:
1. An ATS bypass switch comprising:
a draw-out ATS switch;
a bypass switch including an operating mechanism coop-
erating with a three-position contactor having a first
position structured to electrically connect a system load
to a first power source, a second position structured to
electrically connect the system load to a second power
source, and a third neutral, trip or open position struc-
tured to electrically disconnect the system load from
both of the first and second power sources; and
aprocessor structured to control both of said draw-out ATS
switch and said bypass switch, said processor including
a routine cooperating with said operating mechanism:
to determine if the first and second power sources syn-
chronize within a first predetermined time and cause
said three-position contactor to move from one of the
first and second positions to the third neutral, trip or
open position and to move from the third neutral, trip
oropen position to the other one of the first and second
positions, and, otherwise,

if the first and second power sources do not synchronize
within the first predetermined time, to cause said
three-position contactor to move from one of the first
and second positions to the third neutral, trip or open
position, and to move from the third neutral, trip or
open position to the other one of the first and second
positions after a second predetermined time.

2. The ATS bypass switch of claim 1 wherein each of said
draw-out ATS switch and said bypass switch includes two
electrical switching apparatus structured to electrically con-
nect a system load to a first power source, electrically connect
the system load to a second power source, or electrically
disconnect the system load from both of the first and second
power sources.

3. The ATS bypass switch of claim 2 wherein said two
electrical switching apparatus are two circuit breakers or two
contactors.

4. The ATS bypass switch of claim 1 wherein said proces-
sor is further structured to automatically control said bypass
switch when said draw-out ATS switch is electrically discon-
nected from the system load and from the first and second
power sources, or when said draw-out ATS switch is in a
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neutral position that electrically disconnects the system load
from both of the first and second power sources through said
draw-out ATS switch.

5. The ATS bypass switch of claim 1 wherein said proces-
sor is further structured to automatically control said bypass
switch in an in-phase transition mode.

6. The ATS bypass switch of claim 1 wherein said proces-
sor is further structured to automatically control said bypass
switch in a load voltage decay mode.

7. The ATS bypass switch of claim 1 wherein said proces-
sor is further structured to automatically control said bypass
switch in a closed/in-phase transition default to time delay
neutral mode.

8. The ATS bypass switch of claim 1 wherein said proces-
sor is further structured to automatically control said bypass
switch in a closed/in-phase transition default to load voltage
decay mode.
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9. The ATS bypass switch of claim 1 wherein said proces-
sor is further structured to automatically control said bypass
switch in a closed transition default to time delay neutral
mode.

10. The ATS bypass switch of claim 1 wherein said pro-
cessor is further structured to automatically control said
bypass switch in a closed transition default to load voltage
decay mode.

11. The ATS bypass switch of claim 1 wherein said pro-
cessor is further structured to automatically control said
bypass switch in an in-phase default to time delay neutral
mode.

12. The ATS bypass switch of claim 1 wherein said pro-
cessor is further structured to automatically control said
bypass switch in an in-phase default to load voltage decay
mode.



